Reduced plasma levels of high density lipoprotein (HDL) cholesterol are associated with increased risk for coronary heart disease. Although plasma HDL levels are, in general, inversely related to plasma triglyceride (TG) concentrations, a small proportion of individuals with low HDL cholesterol concentrations have normal plasma TG levels. We wished to determine whether subjects with low plasma levels of HDL cholesterol could be characterized by common abnormalities of lipoprotein metabolism independent of plasma TGs. Therefore, we studied the metabolism of low density lipoprotein (LDL) apolipoprotein B (apo B) and HDL apolipoprotein A-I (apo A-I) in subjects with low plasma HDL cholesterol concentrations with or without hypertrigh/ceridemia. Nine subjects with low plasma HDL cholesterol levels and normal levels of plasma TGs and LDL cholesterol were studied. Autologous I-HDL were injected intravenously, and blood samples were collected for 2 weeks. LDL apo B and HDL apo A-I levels were measured by specific radioimmunoassays. Fractional catabolic rates (FCRs, pools per day) and production rates (PRs, milligrams/kilogram -day) for each apolipoprotein were determined. The results were compared with those obtained previously in nine subjects with low plasma HDL cholesterol levels and hypertrigh/ceridemia and in seven normal subjects. The normal subjects had an HDL apo A-I FCR (mean±SD) of 0.21 ±0.04. Despite large differences in plasma TG levels, the HDL apo A-I FCRs were similar in the low-HDL, normal-TG group (0 JO±0.09) and the low-HDL, high-TG group (0J3±0.10), although only the latter value was significantly increased versus control subjects (p< 0.03). Increased apo A-I FCRs were associated with reduced HDL apo A-I levels in both groups of patients. Apo A-I PRs were similar in all groups. In contrast, LDL apo B PR was increased approximately 50% in the low-HDL, normal-TG group (193±6.6; p<0.01) compared with normal subjects (12.5±2.6). There was a strong trend toward a greater LDL apo B PR in the low-HDL, high-TG group (17.6±4.5;p=0.06 versus normal subjects) as well. LDL apo B FCRs were similar in all three groups. LDL apo B concentrations were also increased in the group with low HDL cholesterol and normal TG levels. Both groups with low HDL cholesterol levels had cholesterol-depleted LDL and HDL particles. In summary, reduced levels of plasma HDL cholesterol were generally associated with accelerated fractional removal of HDL apo A-I from plasma, increased production of plasma LDL apo B, and evidence of increased cholesteryl ester transfer out of LDL and HDL. The presence of these similar metabolic abnormalities whether or not plasma TG levels were increased suggests that increased apo B production may be a central defect in these patients and that low plasma HDL levels may be closely linked to increased plasma levels of apo B-containing lipoproteins independent of circulating levels of plasma TG. ( Supported by grants HL-36000, HL-21006, and RR-645 from the National Institutes of Health, National Heart, Lung, and Blood Institute.
ative of increased risk for CHD arising from hypertriglyceridemia. This hypothesis, however, is not well supported by epidemiological studies that have implicated plasma TG level as an independent risk factor for CHD in only a minority of studies. 10 '" Further insight into the relative roles of HDL and TG in CHD risk might come from studies of individuals with the uncommon, but not rare, combination of low HDL cholesterol and normal plasma TG and low density lipoprotein (LDL) cholesterol concentrations.
Many patients with isolated reductions in HDL cholesterol concentrations appear to have an increased risk for CHD. 12 - 15 Earlier preliminary data from our laboratory 16 and a recent report from Brinton et al 17 indicated that these patients can have increased fractional catabolic rates (FCRs) of plasma apolipoprotein A-I (apo A-I). This is the same abnormality in HDL metabolism that is present in subjects with hypertriglyceridemia and low HDL cholesterol levels. 16 - 18 The existence of the same abnormality in apo A-I metabolism in both hypertriglyceridemic and normotriglyceridemic patients with reduced HDL cholesterol levels, together with the demonstration of overproduction of apo B-containing lipoproteins in patients with both hypertriglyceridemia and a strong predisposition to CHD, 19 -24 led us to propose this hypothesis: Many individuals with low plasma levels of HDL cholesterol have increased production rates (PRs) of apo B-containing lipoproteins whether or not they have concomitant hypertriglyceridemia. We have tested this hypothesis by determining the rates of production of the atherogenic apo B-containing lipoprotein, LDL, in subjects with low plasma HDL cholesterol levels and normal levels of plasma TG and LDL cholesterol. Apo A-I metabolism was also studied in these individuals, and the parameters of LDL and HDL metabolism obtained were compared with those previously reported by us for normal subjects and for subjects with low HDL cholesterol levels and hypertriglyceridemia. 1625 - 26 Methods Men identified as having low plasma HDL cholesterol concentrations (below the 25th percentile for age) and normal levels of plasma TG and LDL cholesterol 27 before any dietary intervention were recruited from a patient population referred for evaluation to the lipid clinic of the Columbia Specialized Center of Research in Arteriosclerosis. Their individual clinical characteristics are depicted in Table 1 . Each of the subjects with low HDL cholesterol and normal plasma TG concentrations was instructed in an American Heart Association (AHA) step 1 diet (30% of calories from fat, 55% of calories from carbohydrate, 15% of calories from protein, and 300 mg cholesterol per day) and had been consuming that diet for at least 6 weeks before the study. None of the subjects had received any lipidlowering agent or had taken any other medications known to affect plasma lipids for at least 6 weeks before the study. None had any other disease known to affect plasma lipid concentrations. All studies were approved by the Institutional Review Board at the Columbia Presbyterian Medical Center. Subjects gave informed consent before the study. The seven normal subjects and the nine subjects with low plasma HDL cholesterol levels and hypertriglyceridemia were described previ- HDL-C, high density lipoprotein cholesterol; | HDL-NTG, low HDL-C with normal plasma triglycerides (TG); | HDL-T TG, low HDL-C with hypertriglyceridemia; IBW, ideal body weight; S/P, status post; MI, myocardial infarction; CHD, coronary heart disease. The i HDL-f TG and normal subjects have been described previously. 162526 */><0.05 vs. normal subjects.
ously. 16 -2526 Their individual clinical characteristics are also included in Table 1 . Only four of the normal subjects had HDL apo A-I turnover studies. All normal subjects had LDL apo B turnover studies. All of the hypertriglyceridemic subjects participated in both turnover studies.
Blood was obtained by venipuncture after a 12-14-hour overnight fast for isolation of lipoproteins. Plasma was isolated by centrifugation at 4°C at 2,000 rpm for 25 minutes. LDL (d, 1.025-1.063) and HDL (d, 1.063-1.210) were isolated by sequential ultracentrifugation. 28 These isolations were carried out under sterile conditions. The isolated lipoproteins were iodinated with 131 I (for LDL) and 125 I (for HDL) by a modification 29 of the iodine monochloride method. 30 The radiolabeled lipoproteins were passed through 0.22 -fim Millipore filters and injected into the study participants within 24 hours of labeling.
The subjects with isolated reductions in HDL cholesterol were admitted to the Irving Center for Clinical Research at the Columbia Presbyterian Medical Center 1-3 days before injection for further diet stabilization. After a fasting sample of blood was obtained, 25 JAG of autologous 131 I-LDL and 75 yJCi of autologous 125 I-HDL were injected intravenously, and blood samples were obtained at 0.5, 1, 2, 6, 12, 24, and 36 hours. The patients were given food after the 2-hour and 12-hour blood samples. Daily fasting blood samples were then obtained during the next 2 weeks. 16 ' 25 Patients stayed in the Clinical Research Center for various lengths of time, but all remained in the hospital for at least the first 36 hours after injection of tracers. All subjects received a saturated solution of potassium iodide twice daily starting the day before injection and continuing throughout the study period. The subjects remained on the AHA step 1 diet throughout the protocol. This was verified at frequent meetings between the subject and the research dietitian, at which time 3-day food records were submitted to the research dietitian.
The normal subjects and the subjects with hypertriglyceridemia and reduced HDL cholesterol concentrations were studied at the General Clinical Research Center at the Mount Sinai Medical Center.
1^25 ' 26 The general study protocol was essentially identical to that used for the subjects with isolated reductions in HDL cholesterol, except that the previously studied subjects were eating diets containing 40% of calories from fat, 45% of calories from carbohydrate, 15% of calories from protein, and 300 mg cholesterol per day. We have not observed differences in LDL apo B or HDL apo A-I turnover in normal subjects studied while they were eating diets similar to these or eating the AHA step 1 diet (authors' unpublished data).
At the end of the study, plasma was obtained from each blood sample and subjected to sequential ultracentrifugation to isolate LDL 32 and LDL apo B specific radioactivity (SA) in each sample was then calculated. An aliquot of each HDL sample was delipidated and redissolved in 6 mol/L urea, and apo A-I was isolated from other apolipoproteins by fast protein liquid chromatography. 33 This protocol was necessary because direct radiolabeling of HDL labels several apolipoproteins. The pooled fractions of pure apo A-I were counted, protein concentration was determined, and 125 I-apo A-I SA was calculated. The 131 I-apo B SA and 125 I-apo A-I SA data were used to estimate LDL apo B and HDL apo A-I FCRs, respectively, using two-pool models for plasma metabolism of these apolipoproteins. 16 ' 26 - 31 Production rates for each apolipoprotein were calculated by multiplying the FCRs by the respective plasma apolipoprotein pool size.
Plasma and lipoprotein lipids were determined by enzymatic methods with an ABA-100 automated spectrophotometer. Plasma HDL cholesterol concentration was measured after precipitation of apo B-containing lipoproteins by dextran sulfate and magnesium. TG and cholesterol concentrations in LDL and HDL were also determined after isolation of these lipoproteins by sequential ultracentrifugation. Our laboratory participates in an ongoing standardization program for measurement of cholesterol and TG, supervised by the Centers for Disease Control and Prevention (CDC). Plasma and lipoprotein apo B and apo A-I concentrations were determined by specific fluid-phase radioimmunoassays. 16 ' 31 ' 34 Our laboratory participated in the CDC apolipoprotein standardization program. 35 The three groups of subjects were compared by analyses of variance followed by specific contrasts between pairs of groups. Multiple regressions of kinetic parameters on plasma lipid and apolipoprotein levels were done by the method of all possible regressions 36 using BMDP statistical software. Significance was declared at a value of p=0.05.
Results
The groups were similar in age, with a range of 23-53 years in the normal subjects, 30-55 years in the hypertriglyceridemic subjects, and 27-52 years in the group with isolated reductions in HDL cholesterol ( Table 1) . The mean ages of the three groups were not statistically different. Only one subject had a body weight that was >30% above ideal according to the original Metropolitan Life Insurance tables. The control subjects and the subjects with only low HDL cholesterol levels had very similar percent ideal body weights. The hypertriglyceridemic group had higher percent ideal body weights, and their mean was significantly greater than that for the normal group. Subjects 1, 3, and 6 in the group with isolated reductions in HDL cholesterol had each been found to be hypertriglyceridemic once in the past according to their medical records. However, each of these three subjects had normal plasma TG levels over periods of 12-24 months on average American diets before entry into this study. Subjects 4, 7, and 8 had never been observed to be hypertriglyceridemic, but each had a parent with elevated plasma TG levels and/or CHD. Subject 6 also had a parent with CHD.
The fasting plasma lipid concentrations of subjects in all three study groups are depicted in Table 2 . Plasma total and LDL cholesterol levels were normal in all three groups. 27 The ranges and means for LDL cholesterol values were essentially identical for the control and isolated-low-HDL cholesterol groups. Several individuals in both of these groups had LDL cholesterol concentrations that were below the 50th percentile for age. The LDL cholesterol levels in the hypertriglyceridemic subjects tended to be lower than those in the other two groups; this was not unexpected for subjects with marked elevations in plasma TG levels. Plasma TG concentrations were less than the 75th percentile for age 27 in the normal subjects and in the subjects with isolated reductions in HDL cholesterol concentrations. The mean±SD TG concentration in the latter group (126.3±38.6 mg/dL) tended to be higher (though not significantly so) than that of the normal group (63.1±8.8 mg/dL). The mean plasma TG level for the hypertriglyceridemic subjects (312.0± 101.4 mg/dL) was, as expected, significantly greater than that for either of the other groups. HDL cholesterol levels were less than the 25th percentile for age 27 in all subjects in both low-HDL groups, and the mean value for each group was significantly reduced compared with the normal group (51.3±5.5 mg/dL). In addition, HDL levels were reduced in the hypertriglyceridemic group (24.1 ±7.0 mg/ Table 3 and Figure 1 . The apo A-I FCR (mean±SD, pools per day) was 0.21±0.04 for normal subjects, 0.33±0.10 for hypertriglyceridemic subjects, and 0.30±0.09 for the isolated-low-HDL group. The mean FCR for the hypertriglyceridemic group was significantly greater than that for the normal subjects (/?<0.03); the FCR of the isolated-low-HDL group tended to be higher but was not significantly different from the FCR of the control group (p=0.09). Plasma HDL apo A-I concentrations (mean±SD in milligrams per deciliter) were 74.9±19.1 and 62.6±23.7 for the hypertriglyceridemic and isolated-low-HDL groups, respectively, and these values were both reduced (p<0.02 and p< 0.003) compared with the mean apo A-I concentration in the normal group (114.9 ±38.0). When the FCR of each group was multiplied by the plasma pool of apo A-I, the HDL apo A-I PR could be estimated: The three groups had similar mean PRs.
In contrast to the results of the studies of HDL metabolism, the LDL apo B FCRs for the normal, hypertriglyceridemic, and isolated-low-HDL groups were not significantly different from one another (Table 3 and Figure 2 ). The mean plasma LDL apo B concentration (mean±SD in milligrams per deciliter) was greater in the isolatedlow-HDL group (96.4 ±36.7) than in both the hypertriglyceridemic subjects (71.2±12.0,/?<0.05) and the normal subjects (61.3±18.6, p<0.O2). The value of the hypertriglyceridemic group was not greater than that of the normal group. LDL apo B PR (mean±SD in milligrams per kilogram • day) was also significantly greater (p<0.01) in the isolated-low-HDL group (19.3 ±6.6) compared with the normal subjects (12.5±2.6). The LDL apo B PR of 17.6±4.5 mg/kg • d for the hypertriglyceridemic group tended to be greater than normal as well (p=0.06).
The finding that LDL apo B PR and HDL apo A-I FCR were similarly aberrant in both low-HDL cholesterol groups, despite their markedly different plasma TG levels, suggested that the lipid composition of these lipoproteins might be more similar in the two groups (Table 4 and Figure 3 ). The cholesterol-to-TG ratio in LDL was significantly reduced in both of the low-HDL groups compared with the ratio present in normal subjects (p<0.003). The ratio of cholesterol to apo B in LDL was also reduced in both groups with low HDL cholesterol levels compared with control subjects (p<0.005). Triglyceride-to-apo B ratios in LDL were similar in both of the low-HDL groups (these data were not available in the control subjects). In HDL, the cholesterol-to-TG ratio followed a similar pattern (Figure 3 ). In addition, the hypertriglyceridemic group had a cholesterol-to-TG ratio in HDL that was significantly lower than that of the isolated-low-HDL group (p<0.03). The HDL apo A-I FCR was strongly and negatively related (r=-0.75) to the HDL cholesterol-to-TG ratio in the two low-HDL cholesterol groups by univariate analysis (Figure 4) . No significant increase in that r value was achieved by adding other measured variables to the regression equation. LDL PR was best described by a regression equation that included the LDL apo B level and the cholesterol-to-TG ratio in HDL (multiple #=0.72).
Discussion
In this study we have observed that individuals with isolated reductions of plasma HDL cholesterol concentrations have several characteristics of lipoprotein metabolism and composition similar to those frequently seen in subjects with both hypertrigryceridemia and low HDL cholesterol levels. Because of the strong relation between hypertriglyceridemia and low plasma HDL levels, 2 -3 * 9 most previous studies of HDL metabolism have focused on individuals with both of these lipid abnormalities, and accelerated fractional catabolism of apo A-I has been well documented in most subjects with low plasma apo A-I concentrations and hypertriglyceridemia. 18 Our results, which indicated a trend toward 
FIGURE 1. Bar graphs showing high density lipoprotein (HDL) apolipoprotein A-I (apo A-I) fractional catabolic rates (FCR) (day' 1 ) (left panel) and production rates (mg/kg • d) (right panel) in normal (N) (open bar), hypertrigfyceridemic ( T TG)-low-HDL (open-hatched bar), and normal TG-low HDL (dark-shaded bar) groups. Apo A-I FCR was significantly greater in the hypertrigfyceridemic group vs. normal (*p<0.03). There was a trend (p=0.09) toward a greater apo A-I FCR in the group with isolated reductions in HDL. Production rates of apo A-I were similar in all three groups.
higher FCRs for HDL apo A-I in the subjects with isolated reductions in HDL cholesterol, are in harmony with those of Brinton et al 17 and with the results of a recent study by Gylling et al. 37 Taken together, the results of these studies suggest that many patients with low HDL cholesterol levels and normal plasma TG concentrations also have an increased apo A-I FCR.
We also found that subjects with isolated reductions in HDL cholesterol concentrations commonly had increased rates of production of LDL apo B. This is an observation not previously reported, although numerous studies have demonstrated increased rates of production of apo B, the major structural protein in very low density lipoproteins (VLDL), intermediate density lipoproteins (IDL), and LDL, in most subjects with hypertriglyceridemia. o.e
FIGURE 2. Bar graphs showing low density lipoprotein (LDL) apolipoprotein B (apo B) fractional catabolic rates (FCR) (day' 1 ) (left panel) and production rates (PR) (mgl kg • day) (right panel) in normal (N) (open bar), hypertrigfyceridemic ( f TG) -low high density lipoprotein (HDL) (open-hatched bar), and normal TG-low HDL (dark-shaded bar) groups. LDL apo B PR was significantfy greater in the normal TG-low HDL group vs. normal (*p<0.01). LDL apo B PR tended to be greater than normal in the hypertrigfyceridemic group as well (p=0.06). FCRs of apo B were similar in all three groups.
(hyperapo B) 40 are dyslipidemic syndromes characterized by overproduction of apo B-containing lipoproteins. 19 44 and these reductions can persist even when plasma TG concentrations are reduced to the normal range. Although we determined only the rate of production of LDL apo B and not VLDL and IDL apo B, there is no reason to believe that increased conversion of VLDL and /or IDL to LDL was the basis of the increased LDL apo B PRs in our subjects with isolated low HDL levels. In addition, we have preliminary data from a separate group of subjects with isolated reductions in HDL cholesterol that indicate that they have increased plasma concentrations of VLDL and IDL apo B. 43 Of course, only studies that determine total apo B production can definitively address this issue.
The subjects with isolated reductions in HDL cholesterol were compared with "historical" groups of normal subjects and subjects with both hypertriglyceridemia and low HDL. One difference between the experimental protocol used in the new studies and those carried out previously 16 ' 25 ' 26 was the diet consumed by the subjects. Although the present group with isolated reductions in HDL cholesterol followed a step 1 diet and both the control and the hypertrigryceridemic subjects ate average American diets, we do not believe that these dietary differences had a significant effect on the study outcome. First, we have not been able to demonstrate differences in either LDL apo B or HDL apo A-I turnover in normal subjects eating these two diets (authors' unpublished observation). Second, a review of the literature indicates that consumption of a lower-fat diet would, if it had any significant effect, decrease LDL apo B PR. Such an effect would tend to minimize the true difference between our "historical" control subjects and the subjects with isolated low HDL.
Our control subjects tended to be younger than either of the groups with low HDL cholesterol levels, although there were no significant differences in the mean ages of the three groups. Ericsson et al 4 * recently reported decreases in LDL apo B FCRs as age increased in a group of normal men. However, age accounted for < 16% of the variance in FCR for the entire group, and when the subjects in that study were subgrouped as young (mean age, 28±1 years), middle-aged (48±2 years), and elderly (68±2 years), there was no difference between the FCRs in the young and the middleaged groups. Since all of our subjects fell into the range of the young and middle-aged men studied by Ericsson et al, we believe that slight age differences played no role in the differences in LDL apo B PRs that we observed between our control subjects and the groups with low HDL cholesterol levels. Indeed, the mean LDL apo B PR of our control subjects was essentially the same as those reported by several other groups. LDL, low density lipoprotein; HDL, high density lipoprotein; C/TG, cholesterol to triglyceride (TG) ratio (wt/wt) in LDL and HDL; C/B, cholesterol to apolipoprotein B (apo B) ratio (wt/wt) in LDL; TG/B, TG to apo B ratio (wt/wt) in LDL; 1 HDL-NTG, low HDL cholesterol with normal plasma TG; J, HDL-f TG, low HDL cholesterol with hypertriglyceridemia.
As noted in legends of Figures 3 and 4 , LDL and HDL TG concentrations were not determined in the normal subjects who had turnover studies. The normal LDL C/B ratios are from the subjects who had turnover studies, and the normal LDL and HDL C/TG ratios are from a group of comparable normal subjects.
catabolism of apo A-I may be present in individuals who have low plasma levels of HDL cholesterol, with or without concomitant elevations of plasma TG. Fidge et al 47 were the first to carry out simultaneous studies of apo A-I and apo B metabolism. Although their methods of analyzing kinetic data differed from ours, it is interesting to note that they found an inverse relation between apo A-I mass and FCR (r=-0.48) that was similar to the relation we observed between those two parameters (r=-0.57). In contrast to our study, in which we observed an inverse relation between HDL apo A-I FCR and LDL PR (r=-0.37; />=0.09), they found no relation between either VLDL or LDL PR and HDL apo A-I FCR. Fidge et al 47 did not study subjects with isolated reductions in HDL cholesterol. In a study by Kesaniemi et al, 23 LDL apo B PRs were about 20 mg/kg • d in a group of normotriglyceridemic men with CHD and 13 mg/kg • d in normal subjects. Although the mean HDL cholesterol level of 44 mg/dL in the coronary patients in that study was much higher than those in our group with isolated low HDL, it is important to note that the mean HDL cholesterol concentration of the control subjects in that study was 54 mg/dL. Thus, there was a 10-mg/dL difference in HDL cholesterol levels between the groups, and the subjects with the lower HDL levels had significantly higher LDL apo B PRs. In a more recent study, Vega et al 24 determined LDL apo B PRs in a group of men with coronary disease who were divided into those with and those without hypertriglyceridemia. All of the hypertriglyceridemic subjects had high LDL apo B PRs. Of the 18 individuals with normal plasma TG and low plasma HDL cholesterol levels, six had elevated rates of LDL apo B production and 12 had normal LDL apo B PRs. Thus, some, but clearly not the majority, of those patients with isolated low HDL had metabolic patterns similar to those of our subjects. All of the individuals studied by Vega et al 24 had coronary disease, many smoked, and some were receiving treatment with /J-blockers. The distribution of these potentially confounding factors between the two groups of subjects with isolated low HDL was not reported by the authors, but the presence of these factors in many of the subjects could explain some of the differences between their results and ours.
The pathophysiological basis for the high apo A-I FCR in subjects with both hypertriglyceridemia and low HDL cholesterol levels is incompletely defined. However, cholesteryl ester transfer protein (CETP)-mediated transfer of HDL cholesteryl ester for VLDL/IDL TG, followed by hydrolysis of the TG-rich HDL, is thought to play an important role in regulating apo A-I catabolism. Thus, accelerated CETP-mediated core lipid exchange, driven by increased levels of VLDL TG and followed by hydrolysis of a TG-enriched HDL core, could reduce the binding affinity of apo A-I for the particle, 48 making available "free" apo A-I for removal by the kidney. 49 " 51 The link between altered HDL core lipid composition (and/or particle size) and apo A-I catabolism is indicated by the strong correlation between the cholesterol-to-TG ratio in HDL and the FCR of apo A-I in the present study.
Although CETP-mediated exchange of cholesteryl ester for TG is clearly accelerated in hypertriglyceridemia, 52 -53 our observation that HDL from the subjects with isolated reductions in HDL cholesterol was relatively TG enriched suggests that increased exchange of HDL and VLDL/IDL core lipids also occurred in that group. Further evidence in support of increased exchange of cholesteryl ester for TG in the group with isolated low HDL can be found in the decreased LDL cholesterol-to-apo B ratios, the decreased LDL cholesterol-to-TG ratios, and the increased LDL TG-to-apo B ratios in those subjects. In fact, the abnormalities of LDL core lipid composition were nearly identical in both groups with low HDL cholesterol, despite markedly different TG levels. We believe that these abnormalities in lipoprotein composition are indicative of increased CETP-mediated core lipid exchange that is stimulated by increased numbers of TG-rich lipoprotein particles, even though the absolute level of plasma TG is normal. As noted earlier, we have preliminary data in a separate group of subjects with isolated low HDL cholesterol, indicating that they have elevations in VLDL and IDL apo B levels that are similar to those present in hypertriglyceridemic subjects.
It should be noted that the LDL compositional abnormalities we have observed in our group with isolated reductions in HDL cholesterol concentrations suggest that they have small, dense, "atherogenic" LDL as described by Austin et al. 54 Those authors have noted the close association of these LDL characteristics with elevated levels of VLDL TG and reduced plasma concentrations of HDL cholesterol. Small, cholesteryl ester-depleted LDL has also been found to be characteristic of individuals with FCHL and/or hyperapo B. 55 The fact that several of our patients had had elevated TG levels in the past and /or a family history of hypertriglyceridemia suggests that some of them may have normolipidemic (exclusive of HDL cholesterol) variants of those syndromes. For example, some of our patients may have been able to maintain normal TG levels despite overproduction of apo B-containing lipoproteins because of long-term efforts to maintain lower body fat or better cardiovascular fitness. Lower rates of synthesis and secretion of VLDL TG (or more efficient lipolysis) may be all that separates our subjects with isolated reductions of HDL from our subjects with hypertriglyceridemia and low HDL cholesterol. The ability to maintain reduced hepatic VLDL TG production without significantly decreasing overall rates of secretion of apo B-containing lipoproteins is consistent with data supporting independent regulation of TG and apo B secretion by the liver. 31 ' 43 -56 It is also consistent with the evidence for "direct" secretion of LDL apo B in subjects with FCHL and hyperapo B, 20 -2144 particularly when they have normal TG levels. Do these findings fit into an epidemiological model in which HDL plays a protective role vis-a-vis CHD? A good deal of evidence obtained from studies in animals, 4 and more recently in humans, 37 indicates that the "reverse cholesterol transport" system initially involves movement of cellular free cholesterol to HDL, where it is esterified. 58 Much of the HDL cholesteryl ester is then transferred, via a CETP-mediated process, 59 to apo B-containing lipoproteins. These include VLDL and IDL in fasting plasma and chylomicrons and their remnants during the postprandial period. Indeed, there is evidence in humans that the direct delivery of cholesteryl esters to the liver by HDL is negligible in humans. 60 Thus, the final and key step in "reverse cholesterol transport" may be the internalization of apo B-containing lipoproteins by hepatocytes. 4 Since epidemiological evidence indicates that low levels of plasma apo B and high levels of plasma HDL cholesterol are associated with reduced CHD, we propose that the final step in "reverse cholesterol transport," i.e., the targeting of cholesteryl ester to the liver, functions maximally when the plasma concentration of apo B-containing lipoprotein acceptors for HDL cholesteryl esters is low. Hence, although a small pool of apo B-containing lipoproteins could limit the rate of transfer of HDL cholesteryl esters (resulting in a high plasma concentration of HDL cholesterol), it would ensure preferential final delivery of those cholesteryl esters to the liver.
In contrast, individuals with elevated concentrations of apo B-containing lipoproteins (with or without absolute increases in TG levels) could have accelerated CETP-mediated transfer of HDL cholesteryl esters to those particles. Increased core lipid exchange would both reduce HDL cholesterol levels and increase fractional catabolism of apo A-I, 51 resulting in reduced numbers of HDL particles. Concomitant changes in core lipid composition of apo B-containing lipoproteins could increase their atherogenicity: VLDL would become cholesteryl ester enriched and LDL would become small, dense, and cholesteryl ester depleted. We cannot, of course, rule out the possibility that accelerated CETP-mediated transfer of HDL cholesteryl ester to apo B-containing lipoproteins might also disrupt the direct delivery of that lipid to hepatocytes 61 and/or reduce the ability of HDL to be antiatherogenic by other mechanisms. 5 -7 In summary, we have demonstrated that individuals with isolated reductions in plasma HDL cholesterol levels commonly have increased rates of production of apo B-containing lipoproteins. This group of patients may, therefore, be related to individuals with either FCHL 38 or hyperapo B. 39 They also have the atherogenic LDL phenotype. 54 The present results add to previous studies that suggest that increased hepatic secretion of apo B-containing lipoproteins is associated with increased risk for CHD. 19 " 24
